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Tne tneory ol rotating polytropes has been considerably advanced recently
s ; .. . o - 2,3 Lo
by Chendrasekhar &nd Lebovitz,” huricy and Roovertis, and Janes. The
N . N o s . e D 6
earliest rnotsbvle work in this field was by Cnandrasekhar in 1933. James
also investigated the structure of rotating wnite dwarfs bj actual integra-

tion of tne governing partial differential equation ndmerically. rnowever, he

did not consider the effects of rotation on Chendrasekhar's limiting mass (M).
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Chandraseknar proved that the maximum mass (M) of a stellar configuration .

N . . X . . -2
wnlch <.n be regarded as wholly Gegencrate is M = 6.65 Mo %3’ where Ho .
is mean molecular weignt and %3 is one solar wass. In this note we discuss
- . . 1,5

tae eileccts of rotationm on M using C..ndrasexnar's ceries expansion method.
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inat by rotations, M is increased by about 2.5% implying that the
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1 idmiting moss Tor a rotating white dwarf is M = 6.82 o }G'

We take tue cceater of mass o5 tne origin of coordinstes, and denote the

distance freu the centexr of mass Uy r ana toe cosine of the colatitude by u.

WwWe Juriner essuac thet the confijpuccvion is axially symmetric about the axis
of rotation. Iet w and p denote the anguiar velocity of rotation and demsity

oi the ouiiguration. On combinin: 2oisson's ecuation and the equation for
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°  where the varicus quantities are cefined as follows:
2 2

r = Qag , y = yoo ’ Yy =X + 1 R
. ; -3 2 2
o= (e4/nG)E (By )" AT R S (2)
u2 22 S
Ve ———r3 , A= 0.0l X 10 , B =0.62 X 10" u_.
2rG Yo
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dlere x 15 relatved to the mean elociria conceniravion by x = Mol /B and
Xq &and ¥, are the values at thie center. A and B are the ususal paramelers

assoc.ated with the pressure and censity oI compliete degenerate matter.

e snail suppose that tne rotaiion is snalil, so that Vv mway be trested
s S . . 1 .. .
85 & GLSii perwurbation parametver. Cuandrascehnar and Lebovitz™ obtained the
- - - ’- ~ -
go.ution o Thne polytropic probliem, up to vne First order in v. We nave
carricd out vhis approximation to second orcer in v. In this case we also

assur -, then, for ¢, a solution ol the form

o |
0 = olnj+v ¥ (n)+ = 4, v,(x)P,(n)
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L° = J
\ (3)
2 [ P 1
+ Vv Lfo(q) + ’E 3, Li\ﬂ) Pt(u);
i=1 ]

where the Al's anG 3,'s are constants wnich will be determined by imposing
A

boundary condivions. Substituting this form of ¢ in Eq. (1), then the

r

radial fuactigne Yy v ., fo, £ satisfy the following differential



eguavions:
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Do Q@ = =\ - Jo ) (L)
;2 _=2\¢ - . 2 -2,*
Dy Vg ==3 (& - ") vo+1 ; D,v. =-30 (0 -y, ) v, (5)
i 2 232 2 2%
I, / _-‘ y n - _'
‘ D, £, = -3 (0" -y ") £ 3 D, 1, 0 (0% -9°) £, (6)
where
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Equation (4) is the usual structure eguaticn for nonrotating whive dwarfs.
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Following Chandxraseknar and Iebovitz® we have obtained the solution of

the proolem up to second order in

matical devails and other

case the mass relation Jor the rotating white dwarls is gilven by
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where tae v, = 7.
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is the bouncary oI the non

applications will Dde published elsewhere.
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or thnis problem. The cozjpiete mathe-

In this

vV o+ O, v2) (8)
al/n )
a, = - ?\ 1 (9)
io (ny)
o [ .
ny @ (ny)
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otating system specified by the

Eq. (4) and prime denotes differenticiion wita respect 1o 1.
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way. JOr lais, we nave Just to replace A by 3e A where B

T7ect of radiation pressure on oG. (1) can be introduced in a similar

e is5 The ratio
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We know that when Yo + @, Zq. (k) reduces to the usual Lane-BExdcn eguation

of & nonrotuiting polyitrope for n = 3. In tnis idmit it Jollows from the

Gelinition of v, that, v becozes

(12)
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where p_  i5 the cenirul censity. A.so Egs. (5) ana (7) reduce to the usual
. - N . — s Y
equcvion for o = 3 in the polytropic case. In ihis case Eg. (11 gives

-

M (3; @) = u 532 7 (6.1038)v + (2.02003)v2J (13)
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faCie we heve substi..ted the values of 7., Vﬂ(ﬂlj, o) (nl) froa reference 1.
e ()
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We nave calculoted tae unction fo(nﬁ) for n =3 Prom Eg. (6). i, 15 the
Ve =4 o~ s = - A T 8
limiving m&ss of nonrotating white Gwards cnd it is given by

) \
Mo o= 5.75; M it
Aa o) \J,Je © (_g P
A crilterion ol stellar degeneracy in & wahite dwarf star, due 1o
. SR N . — = ; N . 5
Coandraseknhar is the following: 1iI Pe > ﬁw = 0.3078 +<then for the specilied
3e the electron assembly becomes degenercste Jor suillciently nigh concentra-
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The eritical values o V (say v for which the rotaeting system has &
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maxisum angular womentum consistent vith egquilibrium due to Chandrasexkhar

[vc(C)], Huricy and Roverts (v _(R)], ond Jaumes {VC(J)] arc the followang:
-

v (C) = 7.057k X 2072 , v (R) = 4.3296 X 1072

. (15)
v (J) = v.53 x 1073 ;v (i) = ».1984 X 1072
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originali value) are Cirferent DECALSC CACh GULAOT'S apprcacn to the probiem

is different. Using these vilues for v, ¥, and 3 , we get the Tollcwing
wi

\ "2
X, = 6.62 R
(x; = 6.6229 My ¥

[P N ‘ o - )
M{J) = 8.8088 k" My, M(A) = 5.8275 w72

= e T o SR ¥ B 7 e B G ] : o I B ol's < =
We suggest thatl the iimiting muocs of o Lov end rotating walte dwarf siar

- Rl I 5 BN ] a = U e o . = o 5
= C.8Ll7y -, . wnlceh 15 2.5% zgre from nonroteting mess. Also for our
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M = 5.85375 PR if we tane b = LGEn Tav LIiZLViaZ L5656 O3 rotatin
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wnite dwarfs is Jollowing
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b Tat TRV v e e
M= 1.70% ¥, (ao% star).
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-~ &m indcoved to Professor Williom A. L o.ler for vaiueble discussions

and BUZSE6TACLS.
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